CLINICAL prediction rule (CPR) can provide a useful guide for making clinical practice decisions. A CPR is a set of three or more variables that quantify the probability of a patient's current status (diagnosis) or some future state (prognosis).
1,2 In 1992, Steill et al. 3 developed the Ottawa ankle rules. Other orthopedic CPRs have been developed to address clinical issues pertaining to carpal tunnel syndrome, 4 cervical pain, 5, 6 knee dysfunction, 7, 8 shoulder pain, 9,10 and low back pain. 7, [11] [12] [13] [14] CPRs have been developed that are specific to the practice of chiropractic, 12,15 emergency medicine, 3, 16 orthopedic surgery, 17-21 physical therapy, 4, 6, 7, 13, [22] [23] [24] [25] and military medicine. 26 Unfortunately, athletic training lags behind other health professions in development of CPRs. An Internet search of the combined terms "clinical prediction rules" and "athletic training" failed to identify any source of information.
The three main applications for CPRs are (a) to aid the process of making a diagnosis, (b) to establish a likely prognosis, and (c) to select an appropriate therapeutic intervention. 27, 28 The accuracy and usefulness of a CPR can be evaluated through assessment of its sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio (Tables 1 & 2) . 29 The goal of CPR development is to identify a set of predictors that will correctly classify a patient's current status or future state. For example, identification of modifiable injury risk factors can provide an athletic trainer or therapist with the information needed to reduce risk and potentially prevent an injury from occurring.
A major consideration for proper utilization of a CPR is the extent to which the target population has characteristics that are similar to the cohort that provided the data used in its development. Widespread utilization of accurate CPRs by athletic trainers and therapists in the future will require a three-stage process: (a) development, (b) validation, and (c) assessment of the impact on clinical practice. Part 1 of this two-part report will present an overview of the CPR development process. Part 2 will provide an example of data analysis procedures used for CPR development and will relate the manner in which the results of such an analysis can be used for guidance of an injury prevention program.
Development of a Clinical Prediction Rule
The first step in the development of a CPR is selection of a cohort that will provide baseline data (measurements that have potential predictive value) and that will be monitored over some specified period of time for determination of each cohort member's status relative to a specified outcome (e.g., injury occurrence, positive diagnostic test result, or improved posttreatment functional status). A clear operational definition of the outcome of interest is essential. For example, the NCAA Injury Surveillance System definition of injury is based on three criteria: (a) the condition resulted from participation in an organized intercollegiate practice or competitive event, (b) the condition was evaluated and/ or treated by an athletic trainer or physician, and (c) the condition resulted in restriction of the student-athlete's participation for one or more calendar days beyond the day of injury occurrence. 30 This operational definition would not be appropriate for a study of overuse shoulder injuries among softball or volleyball players, since athletes with such a condition are often able to continue participating with pain. In this case, a better operational definition of injury may be a complaint of shoulder pain that an athletic trainer or physician attributes to development of an overuse inflammatory condition, and which results in the administration of a therapeutic procedure for two or more days.
The next step of CPR development is consideration of possible factors that are related to the outcome of interest. Variables might include physical performance test values (e.g., wall sit hold time or horizontal back extension hold time) or survey responses (e.g., Foot and Ankle Ability Measure or Oswestry Disability Questionnaire). What factors are unique to the cohort and the outcome of interest? After potential predictors have been selected, the next step is to administer the physical tests and/or surveys prior to the start of preseason practice sessions.
At the conclusion of the study period (e.g., sport season), each cohort member (i.e., case) is classified as positive (e.g., injured) or negative (e.g., not injured). Positive cases are assigned a value of one (1) and negative cases are assigned a value of zero (0). This procedure simplifies the process of calculating the number of positive cases that are correctly predicted and those that are missed. As a first step to identify the best predictor variables among the set of potential predictors, analysis of differences between the two outcome groups (positive cases versus negative cases) can be performed. For continuous variables, an independent t-test is appropriate. The Mann-Whitney U test should be used for ordinal variables, and the chi-square test should be the used to evaluate differences in frequencies between nominal categories. Because the purpose is to screen variables for their potential predictive value, the alpha level for significant group differences can be set as high as 0.15 or 0.20.
10,31 Potential predictor variables can also be evaluated through Receiver Operating Characteristic (ROC) analysis.
ROC Analysis
ROC analysis has two distinctly different applications at different stages of the CPR development process: (a) during the early stage, it provides a mechanism to identify a specific cut-point for classification of each cohort member as having either a "high" or "low" value for a potential predictor and (b) at the final stage, it provides a mechanism to establish the number of positive predictive factors that most accurately classifies the true status of cohort members (i.e., true-positive or true-negative versus false-positive or false-negative for the outcome of interest).
An ROC curve plots the sensitivity (i.e., proportion of cases predicted to have positive status among those that are ultimately determined to be positive) and 1-specificity (i.e., proportion of cases predicted
